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Environmental Pollution and Ecosystem 






Rijeka and Bakar are historically industrial areas of Croatia and as such suffer greater 
risk of soil, water and air pollution. The aim of this review paper was to describe the specific 
industrial history of this area, to give an overview of the relevant soil, water, sediment and air 
pollution-related research over the past few decades, with an emphasis on soil contamination, 
and finally, to determine the need of comprehensive environmental monitoring of the Rijeka-
Bakar area. Overall, historically polluted sites and the pending disposal of hazardous waste 
in the area present a potential threat to the environment, and a comprehensive soil, water 
and air monitoring program would be advisable. Most recent soil surveys indicated that 
Pb, Zn and Hg concentrations exceed the limit values for industrial and commercial use in 
industrialized areas on occasion, therefore, heavy metals monitoring would prove beneficial 
for soil protection and management. The decrease of the industry had ultimately resulted in 
better air quality in Rijeka-Bakar area. Due to future predictions of increasing O3 levels on a 
global scale, monitoring of this air pollutant is greatly encouraged.
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Figure 1. Map of point source polluters in Rijeka-Bakar area (Map produced using ArcGIS® software by Esri. Copyright © Esri. All rights reserved. 
Edited by Iva Hrelja, 2019)
Introduction
The town of Bakar is located on the northern Croatian Adriatic 
coast in Primorje-Gorski Kotar County, about 10 km southeast 
from Croatia’s main port and third largest city - Rijeka, which 
resulted in shipbuilding and maritime transport in that entire 
area. Rijeka is well connected with the whole Europe through 
railways, roads and air connections. 
The Bakar Bay contains Bulk Cargo Terminal of the Port of 
Rijeka, handling coal and iron ore cargo and used to be known for 
its industrial complex that included a coke factory which operated 
between 1976 and 1995 and produced considerable amount of air 
pollution. In the hinterland of Bakar Bay there is the industrial 
zone Bakar and Grobnik racetracks and airport. In Rijeka there 
are two shipyards, “Viktor Lenac” and “3. Maj” and a closed oil 
refinery INA d.d. - Mlaka which is due for remediation since its 
closure in 2008 (Pajić and Glavan, 2011; Valerjev Ogurlić, 2016).
Just 2 km southwest from Bakar, in Kostrena Municipality, 
there is an operating oil refinery INA d.d. – Urinj, thermal power 
plant Rijeka, and further south, on the Island of Krk, Rijeka 
Airport and DINA Petrochemical plant are located (Figure 1). 
Thermal power plant Rijeka and DINA petrochemical plant are 
inactive for several years (2015).
During the late sixties and seventies the City of Rijeka and its 
surroundings underwent rapid industrialization that resulted in 
high air pollutants emissions originated from the industry and 
transportation in the whole area. Since the nineties, after wartime 
(1991-1995), the emissions diminished and never recurred in 
that extent, as it was confirmed by various studies over the past 
decades (Alebić-Juretić and Arko-Pijevac, 1989; Alebić-Juretić, 
1995, 2005, 2011a, 2017; Picer et al., 1978; Picer and Picer, 1992; 
Picer, 2000).
Today, the area of Rijeka-Bakar can be described as a high 
pollution risk area, considering how the plans for growth in the 
industrial zone Bakar (Gašpert, 2017), traffic increase in Rijeka 
Airport (Glavan, 2016) and future LNG import terminal for 
receiving, storing, reloading and regasification of liquefied natural 
gas (LNG Hrvatska d.o.o., 2019) could result in the potential 
increase of emissions in the near future. But not all increase of 
environmental problems in the area could be caused by the growth 
of industry, seeing how the insolvency of DINA Petrochemical 
Company and its winding-up proceedings (Paparella, 2017; 
Antešić, 2017) may lead to delays in the disposal of both hazardous 
and non-hazardous waste that had been produced there.
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Croatian Agency for Environment and Nature published 
in 2018 a “Report on data from the registry of facilities where 
dangerous substances are present”, which identifies facilities that 
pose a risk of a potential or increased risk of domino effect with 
respect to the quantity reported and the category of dangerous 
substances. Primorje-Gorski Kotar is the leading county in total 
quantity of dangerous substances in Croatia (2 347 384.21 t) and 
it is followed by Sisak-Moslavina (1 367393.39 t), and Zagreb, the 
country’s capital (176 622.44 t) (HAOP, 2018). The disposal of 
these dangerous substances could prove to be an environmental 
problem in the future. Until recently, besides landfills for 
municipal waste in the area, there were also three landfills for 
industrial waste. Landfill Šoići for non-hazardous industrial waste 
is currently active and under the management of INA d. d, but up 
for closure and clean-up in the near future (Knežević et al., 2017). 
DINA Petrochemical plant used its own non-hazardous industrial 
waste landfill and exported its hazardous waste to Kutina, some 
240 km northeast from the island of Krk (Poslovni dnevnik, 2015, 
2016). The company is not operational anymore and the fate of 
its waste is still uncertain (Antešić, 2017). The hazardous waste of 
the Rijeka-Bakar area was being disposed of in a karst pit “Jama 
Sovjak” from 1955 to 1990 (Ribić, 2008). It presents a potential 
source of groundwater pollution, but its clean-up is still pending 
to this day (Petrak, 2016). It is worth noting the proximity of the 
industrialized Rijeka-Bakar area to Croatia’s protected locations: 
Nature park Učka to the southwest (SW) and National Park 
Risnjak to the northeast (NE). These two protected locations are 
on the path of two prevailing air streams in this region that move 
from NE and SW (Šinik et al., 1994). There are several studies 
on heavy metal pollution and impacts of acid rain in National 
Park Risnjak that showed an increased amount of lead (Pb) and 
cadmium (Cd) in the soils of this National Park (Vrbek and 
Buzjak, 2004; Vrbek and Gašparac, 1992; Vrbek et al., 1991; Miko 
et al. 1999b) as well as increased amount of Pb in Nature park 
Učka (Jakovljević et al., 2016). However, no connection between 
the industry of Rijeka-Bakar area and accumulation of Pb and 
Cd has been found in these studies. Rijeka-Bakar area is also 
located in the karst region of Croatia which increases the danger 
of potential pollutants to percolate underground and compromise 
the groundwater (Cuculić, 2012; Picer, 2005; Prohić et al., 1997; 
Miko et al., 1999a, 2000). Karst areas are more susceptible to 
environmental pollution than other terrains because the natural 
treatment of water-borne contaminants is mostly ineffective due 
to poor physical filtration of shallow soils and because of rapid 
infiltration which disables the evaporation of volatile organic 
compounds (Ford and Williams, 1989). 
Soil
Soils are taken for granted by the majority of the human 
population, but they are in fact the foundation for growth and 
development of every country on Earth and are an extremely 
important component of the environment. Soils can be observed 
to have a complex structure, with unique biological, chemical and 
physical characteristics. The greatest role is in food production; 
they support plants, the primary producers, and supply them 
with moisture and nutrients, so providing all other terrestrial 
ecosystems with the basis of the food chain. Soils are under 
considerable threat from pollution (FAO and ITPS, 2015) and 
yet, the least research was done precisely regarding this issue in 
Rijeka-Bakar area. The limiting factor for the development of 
monitoring programs and projects for sustainable soil and land 
management is the absence of legislation that would provide 
limit values of pollutants for different land uses in Croatia, and 
so researchers (Bašić and Kisić, 1995; Bogunović, 1996; Kisić et 
al., 2008a, 2008b) involved in soil surveys in Rijeka-Bakar area 
compared their conclusions of the state of the soils in the area to 
neighboring countries in the European Union (Table 1). The only 
legislation for limit values in Croatia exists for agricultural use, as 
shown in Table 2. 
Table 1. Tolerance limit values for industrial and commercial land 




Cd 60 15 20
Hg 80 5 10
Pb 2000 1000 600
As 140 50 50
Cr 1000 15 800
Ni 900 500 500
Zn - 1500 3000
Co - 250 300
Mo - - 200
Cu - 600 500
Ba - - 2000
V - 250 500
Source: Kisić et al., 2008a
Table 2. Tolerance limit values for agricultural land use in Croatia
Metals
soil pH in 1M KCl
<5 5-6 >6
Cd 1 1.5 2
Cr 40 80 120
Cu 60 90 150
Hg 0.5 1 1.5
Ni 30 50 75
Pb 50 100 150
Zn 60 150 200
Mo 15 15 15
As 15 25 30
Co 30 50 60
Source: Narodne novine, 2019
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In 2009, a Geochemical Atlas of the Republic of Croatia was 
published (Halamić and Miko, 2009) representing the natural 
spatial distribution of chemical elements in surface soils of Croatia, 
which, as the authors note, should be the basis for the adoption of 
any regulatory provisions. In this review we compared the Atlas 
values of potential toxic elements to the results of relevant studies 
in Rijeka-Bakar area (Table 3), two of which had been done by the 
same group of scientists, on two different locations - closed oil 
refinery INA d.d. – Mlaka (Kisić et al., 2008a) and an operating 
oil refinery INA d.d. – Urinj (Kisić et al., 2008b). The third study 
also included INA d.d. – Urinj location, with addition of multiple 
others in Primorje-Gorski Kotar County, such as Bakarac Village 
and Crno Village once covered with vineyards (Bašić and Kisić, 
1995). 
Besides giving an overview of soil types and heavy metal 
concentrations in the greater County area, Kisić et al. (2008a, 
2008b) measured concentrations of PAHs (Polycyclic aromatic 
hydrocarbons), heavy metals, total and mineral oil concentrations 
at the two mentioned locations, as well as changes in basic soil 
chemical parameters (soil pH, organic matter content, plant 
available phosphorous and potassium, total carbon, nitrogen, 
hydrogen and sulphur content as well as changes in C:H:N:S ratio 
in the soil) in locations within and outside the refinery circle 
(approximately 2 km from the refinery). Bašić and Kisić (1995) 
investigated only heavy metal concentrations in soil in the greater 
Primorje-Gorski Kotar County. 
Bašić and Kisić (1995) concluded that Ni content in all 
analysed soils was at least increased or that the contamination 
with this metal is high (e.g., in Urinj Plant 53 mg/kg, in Rijeka 38 
g/kg and in Bakarac 50 mg/kg was found). In the investigated sites 
Table 3. The range from lowest to highest recorded values of heavy 
metals in Mlaka and Urinj plants compared to median values for 
coastal Croatia
Metals
Coastal Croatia Mlaka Urinj
mg/kg d.w.
Cd 1.1 < 0.1 * <0.3-2.1
Hg 0.08 <0.1-10.0 0.02-4.00
Pb 48.7 24-1083 15-788
As 18 12-80 3.6-35.4
Cr 121 9-104 10-126
Ni 74.6 15-81 20-126
Zn 108 98-1760 42-1620
Co 18 27-39 6-28
Mo nd 0.08-11 0.4-86.2
Cu 35.5 25-307 16-368
Ba 297 39-705 258-362
V 148 32-136 21-196
Source: Kisić et al., 2008a, 2008b; Halamić and Miko, 2009;
 * <0.1 mg/kg = LOD = limit of detection; nd = no data
Mo and Hg did not appear in relevant quantities and Cd, Cu and 
Pb were the leading soil polluters in the County. In Urinj Plant 
0.87 mg/kg of Cd, 107 mg/kg of Cu and 150 mg of Pb was found, 
in Rijeka 1.02 mg/kg of Cd, 154 of Cu and 350 mg/kg of Pb and 
in Bakarac 1.9 mg/kg of Cd, 39 mg/kg of Cu and 63 mg/kg of Pb 
was found. They observed that the concentrations of pollutants 
emitted from the former coke plant in Bakar are low in the vicinity 
of the plant, and that their content is increased in the soils where 
pollution deposition occurs, i.e., the increased content of Cu, Ni, 
Kr, V and Zn was observed in soils approximately 5 km east of the 
plant. They offered a possible explanation for this – the increased 
content of these heavy metals could be attributed to the strong 
winds in the area, where air streams from NE and SW prevail 
(Šinik et al., 1994). 
Bogunović (1996) in his overview of Croatian agricultural 
soils also briefly referred to Rijeka – Bakar area regarding Ni, Co 
and Cd concentrations and concluded that 60 mg/kg of Ni was 
found in the vicinity of the former coke plant, 75 mg/kg of Cu in 
INA d.d. – Urinj and 1 mg/kg of Cd in the soils of the Village of 
Bakarac and the City of Rijeka. No contamination of agricultural 
soils was recorded.
In a closed oil refinery INA d.d – Mlaka (Kisić et al., 2008a), 
PAH concentrations were measured at 15 investigated locations 
in the soil and were at background values or below tolerance 
level for the sum of PAHs, which amounts to 60-120 mg/kg. The 
mentioned limits were also taken from neighbouring countries 
legislations and refer to the industrial and commercial land use 
(Kisić et al., 2008a). The increase in total and mineral oils was not 
recorded. Three of twelve investigated heavy metal concentrations 
(cadmium - Cd, mercury - Hg, lead - Pb, copper - Cu, cobalt - 
Co, molybdenum - Mo, barium - Ba, vanadium - V, arsenic - As, 
chrome - Cr, nickel – Ni and zinc - Zn) exhibited an increase 
around or above tolerance levels; Pb, Zn and Hg. The highest 
concentration of Pb at Mlaka Plant was 1083 mg/kg d.w. (d.w.: 
dry weight of soil). Tolerance limit values for Zn in Germany 
do not exist but in Italy they are 1500 mg/kg d.w. The highest 
concentration of Zn found at Mlaka Plant was 1760 mg/kg d.w. 
For Hg maximum concentration found at Mlaka Plant was 10 mg/
kg d.w. The overall most polluted sample site was found to be at 
the gas flame torch.
In an operational oil refinery INA d.d. – Urinj, the sum 
of PAHs at 32 investigated locations were also found to be at 
background values or below tolerance levels (80 mg/kg for total 
PAHs; Kisić et al., 2008b), but the results also revealed the need 
for monitoring of the central waste pit located within the refinery, 
where solidified waste is being disposed of and which showed 
increased concentrations of anthracene, phenanthrene, pyrene 
and fluoranthene (although still below tolerance levels). Total and 
mineral oils were not recorded on all sites, with an exception of 
one – the central waste pit, where significantly increased amount 
was found. Tolerance limit value for total oils is 10 g/kg for 
industrial and commercial land use (Kisić et al., 2008b) and the 
concentrations found were 56.102 g/kg for total oil, and 29.192 
g/kg for mineral oils in the 0-10 cm layer of soil. When it comes 
to investigated heavy metal concentrations (Cd, Hg, Pb, Cu, Co, 
Mo, Ba, V, As, Cr, Ni, Zn), only Cd, Cr, Co and V didn’t show a 
significant increase in their concentrations in all sample locations. 
The most problematic heavy metals found in concentrations 
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around or above limit values were again Pb, Zn and Hg with the 
highest values of 788 mg/kg d.w., 1620 mg/kg d.w. and 4 mg/kg 
d.w. of soil, respectively. Table 3 shows the range from lowest to 
highest recorded concentrations of investigated heavy metals in 
both INA d.d – Mlaka and INA d.d. – Urinj plants. These values are 
compared to median values for coastal Croatia which can be found 
in the Geochemical Atlas of the Republic of Croatia (Halamić and 
Miko, 2009). The table confirms the previous findings of Pb, Zn 
and Hg as heavy metals with above average concentrations in this 
area and could be the focus of future studies.
Water
The Gulf of Rijeka is a landlocked area that covers 450 km2, 
with an average depth of 60 m and volume of 27 km3 (Bihari et 
al., 2007) with a number of previously mentioned industrial 
enterprises located along its coastline. Therefore, an increase 
in anthropogenic influence on the marine environment is to be 
expected. The sea currents in the Gulf of Rijeka are very weak 
and the aquatic system behaves as an essentially closed system 
with slow exchange of water masses (Jakšić et al., 2005). It is for 
that reason that all of the studies of industrial pollution done in 
this area resulted in heterogenic results for seawater samples. A 
study done by Bihari et al. (2004) defined five classes of seawater 
quality, and so areas were ranked in five categories (excellent, 
good, fair, poor and very poor) according to their potential toxic 
influence. The water quality of selected sites in the Gulf of Rijeka 
were described as good quality, occasionally stressed, but they 
also showed a significant difference in recorded minimum and 
maximum levels of seawater toxicity, which means the area is often 
a scene of sudden and rapid changes that can lead to serious short-
term contamination of the marine environment. Studies of PCBs 
(polychlorinated biphenyl) and DDT (dihlor-difenil-trihloretan) 
levels in the area had also been done (Picer, 1990, 2000; Picer 
and Picer 1992). They observed a substantial decline of these 
compounds in the last decades, which can be attributed to their 
legal ban in the eighties on the European Union level (Directives 
79/117/EEC and 76/769/EEC).
Sediment
A substantial number of studies of the sea sediments in the 
area had been done throughout the years (Alebić-Juretić, 2011b; 
Bihari et al., 2007; Cukrov et al., 2010, 2014; Fafanđel et al., 
2015; Korlević et al., 2015; Linšak et al., 2012; Miko et al., 2010; 
Tomić Linšak et al., 2011; Traven, 2015; Traven et al., 2015). For 
the most part they investigated the concentrations of PAHs and 
heavy metals in the vicinity of shipyards and oil refineries. Bihari 
et al. (2007) found that the sediment samples contained PAHs of 
higher molecular weight compared to the majority of seawater 
samples, and Alebić-Juretić (2011b) had observed their declining 
trend at all investigated sites in the period from 1998 to 2006. 
Linšak et al. (2012) found high environmental risks in heavy 
metals concentrations, which were the highest in shipyards, but 
nonetheless, Cukrov (2014) found Bakar Bay to be less polluted 
with heavy metals than it was originally believed. Traven (2015) 
came to a conclusion that a low to medium eco toxic risk of marine 
sediment exists.  
Air 
In Rijeka-Bakar area the oil refinery, airport, electric power 
plant and traffic are all sources of pollution and air quality is 
often the first environmental component to be compromised by 
their emissions. The hazardous air pollutants that compromise air 
quality are particulate matter (PM), nitrogen oxides (NOx), carbon 
monoxide (CO), polycyclic aromatic hydrocarbons (PAHs), 
BTEX compounds (benzene, toluene, ethylbenzene and xylene), 
hydrogen sulphide (H2S), sulphur dioxide (SO2) and ozone (O3). 
The air quality monitoring programme started in mid-seventies 
in the Rijeka Bay area (Matković and Alebić-Juretić, 1998) and 
from that time various studies had been done in order to monitor 
the movements of these compounds in the atmosphere (Alebić-
Juretić, 1994, 1995, 2001, 2005, 2008, 2011a, 2011b, 2012, 2015; 
Alebić-Juretić and Arko-Pijevac, 1989, 2005; Alebić-Juretić and 
Šojat, 1998; Alebić-Juretić and Matković, 2000; Alebić-Juretić and 
Mićović, 2005; Alebić-Juretić et al., 2009; Alebić-Juretić and Mifka, 
2017; Ivošević, 2014; Ivošević et al., 2016; Jelić and Bencetić Klaić, 
2010; Matković and Alebić-Juretić, 1998; Mićović et al., 2010; 
Prtenjak et al., 2009; Šinik et al., 1994). All of them agree that the 
highest emissions in the area occurred during the seventies and 
eighties of the 20th century and, due to reduced industrial activity 
and improved quality of fuel since the nineties, air pollution in the 
area was significantly reduced. Figure 2 is based on the data from 
Alebić-Juretić (2011a) and shows the annual mean concentrations 
of SO2 and black smoke in the City of Rijeka for the period from 
1986-2009. The declining trend is visible in Figure 2. 
Alebić-Juretić (2011a) also reported the annual mean 
concentrations of H2S, PM, NO2 and O3 in the City of Rijeka. 
The author noted there was no trend in H2S regarding the annual 
means which ranged from 0.9 - 3.5 μg/m3 (limit value - LV is 2 μg/
m3) for the period from 1986-2009. Although the annual means of 
PM measured from 2003-2009 were around limit value - LV (50 
μg/m3), the number of exceedances was 2 - 3 times higher than 
allowed per year (35 times). The decline of exceedances of PM 
started in 2007, which was attributed to introduction of natural 
gas in the city center. Mean annual values for NO2 in the period 
from 1986-1997 were continuously above LV (40 μg/m3) with a 
peak around 55 μg/m3 in 1990. From the period of 1997-2009 the 
mean annual concentrations were below LV, except for 2001 when 
Figure 2. Annual mean concentrations of SO2 and black smoke in the 
City of Rijeka. LV = limit value (50 μg/ m3). Values based on data from 
Alebić-Juretić, 2011a
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it was around 45 μg/m3. Airborne O3 showed a declining temporal 
trend in the period from 1999 - 2008 with the mean annual 
concentrations declining steadily from 65 μg/m3 in 1999 to 35 
μg/m3 in 2008 (Alebić-Juretić, 2011a). Further analyses, however, 
revealed an increasing trend from 2009-2016 (Zubak et al., 2017). 
The increase of O3 in the future due to climate change is to be 
expected on both regional and global scale (Zubak et al., 2017). 
Biological magnification and human health
Biological magnification
The impact of PAHs, heavy metals and other pollutants such 
as PCBs and DDT on the environment can be measured by 
determination of DNA damage in marine organisms and many 
studies had been done in Rijeka – Bakar area throughout the years 
using the mussel Mytilus galloprovincialis as one of the most widely 
used bioindicator species, allowing the comparison of data from 
different studies from various locations (Bihari et al., 2007; Jakšić 
et al., 2005; Ozretić et al., 1990; Perić et al., 2012a, 2012b; Picer, 
1991; Picer et al., 1978; Picer and Picer, 1986; Popadić et al., 2013; 
Rožmarić et al., 2012). 
Bihari et al. (2007) found that mussels from majority of 
sampling sites tend to accumulate PAHs of lower molecular weight. 
Mussel anoxic survival was influenced by the presence of complex 
mixture of toxic contaminants, not only PAHs. The relationship 
between PAH contents in different marine matrices and their 
ability to affect mussels revealed specific interactions between an 
organism and complex mixture of toxic contaminants present in 
the marine environment. Popadić et al. (2013) studied the heavy 
metal concentrations in the area and found that they generally fall 
into allowed depositional values for marine environments; only 
the area in front of the former coke plant and the City of Bakar 
harbour was heavily polluted.
Human Health
Pollutants in the air, water and soil affect human health. For 
instance, numerous studies have been done on global and regional 
scales to estimate premature mortality associated with SO2, 
PM and O3 pollution (Pandey et al., 2005; Ghude et al., 2016). 
During the period of high air pollution in Rijeka – Bakar area 
in the eighties three relevant studies were conducted to estimate 
the air pollution effect on human health. The first of this study 
conducted by Bartoniček-Brgić and Matković (1989) investigated 
occurrence of respiratory diseases among preschool children in 
the City of Rijeka and its suburban communities affected by air 
pollution from SO2 and black smoke. The city center suffered 
the highest air pollution with annual means twice as much as 
WHO guideline values for SO2 and black smoke (Figure 2). The 
incidences of overall acute respiratory diseases, acute diseases of 
lower respiratory system and acute non-obstructive bronchitis 
were in correlation to black smoke (p < 0.05) and the incidence 
of non-obstructive bronchitis correlated also with ambient SO2 
concentrations (p < 0.05). The second study was conducted by 
Matković et al. (1998). It investigated disorders of ventilatory 
function in unemployed nonsmoking women living in areas 
with different air pollution in Bakar, Krašica and Viškovo during 
the period from 1986 - 1990. The control group had lived in the 
Viškovo area where measurements showed the air to be clean (SO2 
concentrations were constantly below 50 μg/ m3). Continuous air 
quality measurements showed that SO2 concentrations exceeded 
the recommended values in Bakar and Krašica. Mean annual SO2 
concentrations in Bakar ranged from 67 - 74 µg/m3 and in Krašica 
from 50 - 79 µg/m3. Women of Viškovo manifested significantly 
better values of ventilatory function than the women living in 
Bakar. They concluded that the decreased ventilatory function in 
the Bakar and Krašica women may had been associated with long-
term exposure to increased air pollution.
The third study was conducted by Alebić-Juretić et al. (2001) 
in the period from 1987-1996. They investigated the effect of air 
pollution (SO2) and how it might have contributed to an increased 
risk of preterm delivery in the City of Rijeka. They found an 11% 
increase in the risk of preterm delivery among mothers who were 
resident in the city, compared to the mothers in the region (where 
concentrations of SO2 were below 40 µg/m
3). They concluded 
that the socio-demographic factors such as education, maternal 
age, marital status and smoking habits could not account for this 
increased risk, via the Breslow-Day test for homogeneity of the 
common odds ratio, and they considered the elevated ambient air 
pollution as a possible cause.
Another study published by Alebić-Juretić et al. (2007) 
investigated if increased PM and O3 levels could have caused 
an increase in mortality in Croatia during the 2003 heat wave 
(August 8 - 13th). The study was conducted in the cities of Zagreb 
and Rijeka. The average concentrations of PM and O3 during this 
period were 74.0 ± 20.3 in Zagreb and 83.8 ± 5.9 µg/m3 in Rijeka, 
respectively. They estimated approximately 30-60 excess deaths 
due to the combined effects of PM and O3.
Conclusion
Although the peak of industrial environmental pollution had 
long passed in Rijeka-Bakar area, a comprehensive soil, water and 
air monitoring program would be useful in a broader context 
of environmental safety in the area. Current plans for growth in 
the industrial zone Bakar and traffic increase in Rijeka Airport 
could lead to growing emissions and air pollution in the future. 
Additionally, perhaps even more than the growing industry, 
historically polluted sites (the previously mentioned karst pit 
“Jama Sovjak”, landfill Šoići, closed oil refinery INA d.d. – Mlaka) 
and the disposal of hazardous waste produced in the area over 
the decades may prove to be of greater importance, seeing how 
their remediation is not only pending but highly necessary. The 
soil surveys conducted in the area throughout the years show the 
need for continuous monitoring of Pb, Zn and Hg, seeing how the 
average concentrations in industrialized areas of Mlaka and Urinj 
plants exceeded the limit values for industrial and commercial use. 
The aquatic system of the Gulf of Rijeka would also benefit from a 
continuous monitoring plan, as it was proved to be susceptible to 
rapid changes and in risk of short-term contamination.
The air quality monitoring program existed in the area since 
the mid-seventies and due to reduced industrial activity and 
improved quality of fuel since the nineties, air pollution in the 
Rijeka-Bakar area had been significantly reduced. In terms of 
human health, PM and O3 should be in the focus of air monitoring 
since further increase of O3 is to be expected in the future on the 
global scale due to climate change.
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